Introduction
European Society of Cardiology (ESC) guidelines recommend systematic physical activity, together with medical treatment and optional device implantation, as an integral part of systolic heart failure (SHF) therapy [1] . Regular physical exercise corrects endothelial dysfunction and improves exercise capacity and quality of life in patients with chronic heart failure [2] . Deficiency of individually tailored, systematic physical activity may lead to further limitation of patients' physical performance and worsen the prognosis. Furthermore, modern therapy of SHF often includes implantable medical devices: cardiac resynchronization therapy (CRT) and implantable cardioverter-defibrillators (ICD) [3] . The effectiveness of rehabilitation in these patients has already been studied, but the issue of safety and optimal training methods needs to be further clarified, especially in patients with implantable devices. Cardiopulmonary exercise testing (CPX) is a valuable clinical tool of heart failure patients' evaluation [4] . Treatment of these patients should be complex and associated with everyday care. The aim of the present study was to evaluate the safety and impact of individual training on the level of physical capacity and echocardiographic parameters in patients with SHF in functional class III of the New York Heart Association (NYHA) and an implanted cardioverter-defibrillator in primary prevention.
Material and methods
The study initially included 84 patients with SHF and ICD (primary prevention), mean time 2.1 years, hospitalized for worsening of SHF to NYHA III/IV and NYHA IV ( Figure 1 ). According to the New York Heart Association the definitions of NYHA classes are as follows: NYHA III, marked limitation of physical activity, comfortable at rest, less than ordinary activity causes fatigue, palpitation, or dyspnea; NYHA IV, unable to carry on any physical activity without discomfort, symptoms of heart failure at rest. There were no pacemaker-dependent patients in the study groups. The inclusion criteria were: SHF of ischemic or non-ischemic etiology, implanted ICD, low left ventricular ejection fraction (LVEF ≤ 35%), controlled hypertension and diabetes. All patients provided signed informed consent to participate in the study. Exclusion criteria were: resynchronization therapy, possible indications for CRT in the future (left bundle branch block, QRS > 150 ms), severe musculoskeletal conditions which preclude physical rehabilitation (orthopedic, neurological), planned cardiac surgery or percutaneous coronary interventions, cardiac surgery or coronary angioplasty within the last 3 months, acute coronary syndromes, stroke or transient ischemic attack (TIA) within the last 6 months, venous thrombosis or pulmonary embolism in the past, significant valvular disease, history of malignancy. All patients enrolled in the study were randomly assigned to a 6-month rehabilitation program (ICD-Ex group) and standard SHF care (ICD-control). Before the discharge patients received guidelines on a healthy lifestyle (physical activity, diet). The hospital rehabilitation program included: dynamic exercise of small and large muscle groups, isometric exercise of small muscle groups, coordination, stretching, breathing, exercise to reduce swelling of the lower extremities (according to Ratschow and Buerger protocols) and walking. The duration of exercise lasted from 5 to 20 min. Exercises were carried out 5 times a week, the time depending on the capability of the patient (4-8 repetitions of exercises, with 5-30-second pauses between exercises). The positions of exercises (sitting on the bed, sitting with legs lowered) depended on the efficiency and patient's preference. ICD-Ex patients underwent interval workouts with a cycloergometer and conditioning exercises with elements of resistance exercises (3 times a week) after discharge. In each patient evaluation of exercise intensity in endurance training was based on maximal heart rate. Training heart rate was evaluated according to the Karvonen formula. In patients with atrial fibrillation the load percentage was compared with the Borg scale. If the subjective patient evaluation of workload was 5 on a 10-point scale, training was stopped. Cycloergometer training lasted on average 30 min. Patients exercised with a speed of 55 to 64 revolutions per minute. Resistance training lasted from 5 to 10 min, with exercise involving a single muscle group of one limb -alternately -with a load of up to 50% of muscle strength. During the working phase lasting 1 min, the patients performed 10-12 repetitions in one cycle. Prior to discharge, at 6 and 18 months after discharge, CPX was performed using a bicycle ergometer according to the Ramp 10 W protocol in all patients (load increase of 10 watts per 1 min -1 watt per 6 s). The analysis included intensity of exercise which was measured in metabolic equivalents (METs, 1 MET: the amount of energy expended at rest or 3.5 ml of oxygen per kilogram per minute), work load (watts, W), duration of the test (min), peak oxygen consumption (peak VO 2 ), peak carbon dioxide excretion (peak VCO 2 ), ventilation equivalent for oxygen (VE/VO 2 ) and carbon dioxide (VE/VCO 2 ), and ventilation anaerobic threshold (VAT). Standard echocardiographic examination and the 6-minute walk test (6-MWT) were performed in each patient.
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Statistical analysis
Since continuous variables are normally distributed, they are expressed as means and standard deviations. Categorical variables are reported as absolute frequencies and percentages.
Comparisons according to demographic and clinical profile were made using the c 2 test and Student's t-test. The impact of individual training on the level of physical capacity in CPX and echocardiographic parameters was assessed by multiple analysis of variance (MANOVA) . If the results of analysis yielded statistical significance, preplanned comparisons were performed. We focused more on two specific comparisons, not on every possible one, according to our pre-planned a priori hypothesis. Simple contrast was used, where the first measures were at the reference levels. All probability values were calculated from two-sided tests, and a p-value < 0.005 was considered statistically significant. All statistical analyses were performed using SAS software.
Results
The study groups did not differ in terms of demographic and clinical data. The mean age of the patients was relatively low (63.7; 61.1 years, NS). Cardiovascular risk factors were typical. Ischemic etiology of SHF was diagnosed in both groups with a comparable incidence: ICD-Ex: 87.8% vs. ICD-control: 69.8%, NS. Non-ischemic etiology of SHF was present in, respectively, 12.2% and 30.2% of patients, ns. Study groups did not differ in the incidence of comorbidities, coronary artery disease risk factors and interventions, or echocardiographic and physical activity parameters (Table I). In the ICD-Ex group 14 (34.1%) and in the ICD-control group 23 (53.5%) patients had atrial fibrillation (AF). All patients were optimally treated, according to current guidelines (Table I) . Medical therapy was not significantly modified during the study period. At baseline the ICD-Ex group consisted of 41 patients, 5 of them women, and the ICD-Control group consisted of 43 patients, 3 of them women.
In the ICD-Ex group 31 patients completed the study (from the initial 41) due to withdrawing consent (7 patients), and deaths (3 patients). In the ICD-control group 32 patients completed the study from the initial 43 -there were 5 cases of withdrawing consent and 6 deaths (5 cardiovascular).
At baseline the study groups did not differ in walking distance. In the ICD-Ex group walking distance was significantly higher after 6 months compared to baseline, but at 18 months it remained at the same level. In the control group, walking distance did not change after 6 and 18 months ( Figure 2 ). Baseline CPX results did not differ between groups. After 6 months of training and 18 months later, most of the CPX parameters improved significantly in the ICD-Ex group: peak VO 2 , Table I . Demographic and clinical characteristics of study groups at inclusion (ICD-Ex: n = 41, ICD-control: n = 43) and after completion of the study (ICD-Ex: n = 31, ICD-control: n = 32) (Table II) . In the ICD-control group there was no significant improvement in any of the studied parameters. In conclusion, there were significant differences in favor of the ICD-Ex group in peak VO 2 , peak VO 2 (%), VCO 2 peak, exercise time, and intensity of exercise (METs) both at 6 and 18 months (Table II) .
In the ICD-Ex and ICD-Control groups a significant decrease of systolic and diastolic left ventricular (LV) diameters (after 6 months) was observed. The LV systolic diameter was significantly lower at 18 months in the ICD-Ex group (p = 0.114) but not in the ICD-control group. Right ventricular diastolic dimension in the trained group increased significantly after 6 months (p = 0.035), but after 18 months of the follow-up it returned to baseline. No significant differences between groups were observed (Table III ). An increase in LVEF was observed in both groups (ICD-Ex, p = 0.0001, ICD-control p = 0.02). The LVEF remained significantly higher after 18 months in comparison to the baseline (ICD-Ex, p = 0.002, ICD-control, p = 0.005). After 6 and 18 months more patients from the ICD-Ex group were NYHA class I and fewer NYHA class III in comparison to ICD-Control patients (Figure 3 ). In the ICD-Ex group one incident of appropriate ICD shock (ventricular tachycardia) occurred during observation. No shock occurred during training sessions or exercise tests. In the ICD-control group 5 appropriate ICD shocks (ventricular tachycardia) were reported in 5 patients. There were no significant differences in the incidence of deaths and hospitalizations in the studied groups in 18-month follow-up. In the ICD-Ex group there were 3 cardiac deaths and 50 hospitalizations (in 22 persons, 52.4%). In the ICD-control group there were 6 deaths, including 5 cardiac deaths, and 35 hospitalizations (in 19 patients, 43.2%) during follow-up. Medical therapy was optimal and no major changes had been made during follow-up. Also no differences were detected between groups (NS).
Discussion
The belief that a "rest and keep in bed" lifestyle is mandatory in the treatment of systolic heart failure is no longer valid. Existing reports and clinical experience suggest that individually tailored programs of physical rehabilitation in patients with SHF improve the functioning of patients by affecting the central and peripheral mechanisms of cardiovascular disease. According to the current guidelines of the European Society of Cardiology, regular aerobic exercise to improve exercise capacity and tolerance (class I/A) and to reduce the risk of re-hospitalization (class I/A) is recommended in all patients with heart failure, including SHF [1] . Evaluation of the safety and effectiveness of physical training and the development of kinesiotherapeutic techniques in patients with SHF require further studies. The SHF patients' care should be comprehensive and consist of optimal medical therapy, individually tailored training programs, psychological care and counseling with the recommendations of healthy lifestyle and secondary prevention. Patients with SHF and ICD may also have problems with the implanted devices. Episodes of arrhythmia and ICD interventions along with fear of their recurrence lead to avoidance of physical activity and psychological problems. It is therefore important to persuade the patient to perform supervised, secure and regular physical activity. Exercise may not only improve physical performance but also reduce the level of anxiety and depression and support the feeling of well being. The results of controlled studies in various aspects of physical training in patients with SHF have confirmed the benefits of these forms of therapy. In these studies overall efficiency, neurohormonal biomarker concentrations, and central and peripheral hemodynamic changes were analyzed [5] [6] [7] [8] . A meta-analysis of 81 studies in SHF patients (LVEF < 40%) subjected to physical training (cycloergometers and marches) showed the safety of rehabilitation and significant improvement in physical endurance, measured with oxygen uptake, anaerobic threshold and the 6-MWT distance. Smaller benefits were observed in resistance training [9] . In patients who performed regular training, significant improvement in the peak excretion of carbon dioxide (VCO 2 peak), duration of exercise and achieved load was observed [6, [9] [10] [11] . A few studies confirmed the beneficial effect of exercise to increase oxygen uptake and maximum load and also safety of training (low risk of arrhythmias and ICD interventions) in patients with SHF and a relatively short follow-up [8] [9] [10] [11] [12] [13] [14] [15] . But only a few included patients with ICD.
ICD-Ex -rehabilitation group, ICD-control -control group, LVDD -left ventricular end-diastolic dimension, LVSD -left ventricular end-systolic dimension, IVSD -inter-ventricular septal dimension, RVDD -right ventricular enddiastolic dimension, LA -left atrial end-systolic diameter, aorta -ascending aorta diameter, EF -left ventricular ejection fraction.
In the current study, the results of 6 months of endurance training (interval training) and general conditioning exercises with elements of resistance showed a mean 15% improvement in exercise capacity and peak oxygen uptake compared to the control group. Patients in the ICD-Ex group also achieved a significant improvement in the elimination of carbon dioxide during exercise, time of the exercise and the gained load. In the ICD-control group these parameters deteriorated or remained at the baseline level. The present results also showed a significant increase in the walking distance in the 6-MWT in the ICD-Ex group compared to the ICD-control. The parameters of CPX testing and the results of the 6-MWT confirmed that ICD-Ex patients followed the instructions and training regime for a longer time. After 18 months some parameters in the ICD-Ex group remained at the same significantly higher levels as after 6 months, whereas in the ICD-control group these parameters had not changed. Significant differences in favor of the training group were observed in VO 2 peak, peak VO 2 (%), VCO 2 peak, exercise duration and the value of METs between the groups. An improvement in NYHA class occurred in both groups, but it was larger in the ICD-Ex group. The good clinical performance of ICD-control group patients may be due not only to regular, comprehensive medical care but also to following healthy lifestyle guidelines received during the hospital stay. Significant reduction of systolic and diastolic LV dimensions and LVEF increase were observed in both study groups after completion of training, partly due to optimal medical therapy and good compliance. This is consistent with the results presented by other authors. Hambrecht et al. observed an increase in LVEF from 30% to 35% and a decrease in LV dimensions in patients with SHF after 6 months of training. The control group achieved an improvement only in LVEF [2, 7] . On the other hand, ICD presence always implies more strict and careful therapy control, including more frequent outpatient visits, optimization of medical therapy and possibilities of introducing telemonitoring solutions. It was also proved that resistance training improves LVEF and fractional shortening [16, 17] . Palevo et al. observed a significant increase in LVEF from 32% to 37% after 8 weeks of isotonic training [17] . It was confirmed by other authors [18] . The results of the randomized controlled trial HF-ACTION in 2331 outpatients with SHF showed significant improvement in health status after training compared with usual care which persisted over time. Exercise training resulted in nonsignificant reductions in the primary end point of all-cause mortality or hospitalization and in key secondary clinical end points. After adjustment for highly prognostic predictors of the primary end point modest significant reductions for both all-cause mortality or hospitalization and cardiovascular mortality or heart failure hospitalization were observed, but patients with ICD were not treated as a prospectively evaluated endpoint group [19, 20] . In the retrospective analysis of 1053 patients with an ICD there was no evidence of increased ICD shocks, and they trained to a similar degree as patients without ICDs. The exercise training appeared to be safe, but the study was characterized by a high dropout rate [21] . The complexity of clinical problems, including severe SHF (NYHA class III), implanted ICD, repeated cardiopulmonary testing and 6-MWT, along with a long follow-up, account for the novelty of the present study. Medical therapy was optimal, no differences were detected between groups, and no major changes were made during follow-up. On the other hand, the percentage of hospitalizations was similar (NS). This indicates the complexity of heart failure and the lack of impact of exercise on clinical outcome assessment, including hospitalizations. The results of this study confirm the results of other authors, but go further and confirm maintenance of positive effects of training, such as improving the overall physical fitness and training safety regarding the implanted ICD. The current data support widespread implementation of physical activity in patients with SHF. Proper application of these recommendations may extend patients' life in better psycho-physical comfort. Therefore, physiotherapy should be considered as an important part of the treatment strategy in patients with SHF and implanted devices.
In conclusion, an individual, 6-month training program, properly controlled in patients with systolic heart failure and an implanted ICD, was safe and resulted in a significant improvement of exercise tolerance, capacity and echocardiographic parameters. It is further evidence for overall positive results of exercise training in patients with advanced systolic heart failure and an implanted ICD, although these effects did not improve the prognosis.
The study was conducted in one cardiology center in relatively small-sized groups of SHF patients. The study group was difficult to work with, so a substantial number of dropouts occurred. Further effective motivation of patients to take up regular long-term exercise was another challenge that required careful consideration. Availability of rehabilitation programs in our area for this specific patient group was sufficient.
